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ABSTRACT 
 
The adoption of innovation in urban water supply system in Ghana is a favored policy by the government of 
Ghana and stakeholders; a priority in the wake of changes in climatic conditions and high population growth 
impacting on urban water management system.  The desire, however, to implementing innovative technology, 
policies, regulations and laws that facilitate effective change to improve the conventional urban water 
system’s performance appears a mirage.  Perceptions point to social and institutional stakeholders of the urban 
water management system as major impediments to innovation adoption; though empirical evidence to 
substantiate and ascertain are lacking. 400 urban water professionals in three Ghanaian regional capital cities 
were selected to respond to a questionnaire survey to identify drivers and barriers to innovation adoption. 
Using the concept of receptivity, the perceived drivers and barriers to institutional change and technologies 
adoption are tested together with a range of social and institutional influencing factors considered to enhance 
and/or constrain innovation adoption. Based on the receptivity attributes of association, acquisition and 
application of new technologies (as well as set of laws, regulations and policies) among professionals within 
water management system, it is portrayed government policy and cost has striking influence on innovation 
adoption. 
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INTRODUCTION 
One key idea behind sustainable urban water 
management is innovation adoption by stakeholders 
in the water sector; considering the apparently 
uncontrollable external factors (climate changes and 
high population) pressure on water resource.  
Without doubt, the effectiveness of strategies to close 
the knowledge-practice gap in urban water 
management systems can be done through empirical 
studies as Scott, S. D. et al. (2008), notes that less is 
known about the attributes of an innovation and other 
contextual situational factors that facilitate and 
impede an innovation's adoption.  In Ghana, urban 
water management is fragmented and rely on 
traditional management approach to solving water  
 
 
 
 
 
 
challenges. The traditional approach to urban water 
management is imbedded with challenges such as 
weak infrastructure, lack of innovation, high 
population (demand), lack of effective water supply 
(supply deficit) and sustainable water management.   
In the context of research on institutional change and 
technology adoption, innovation is defined as the 
development, application, diffusion, and utilization 
of new knowledge and technology (Kiparsky, M. et 
al. 2013). This definition extends to suggest that 
stakeholders in the water management are required to 
embrace strategies to constantly review and adopt 
change as when it is needed should they remain 
innovative.  According to Brown and Farrelly (2007), 
sustainable urban water management (SUWM 
requires integrated and innovative approaches. 
Though the significance and capacity of innovation 
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ideas and practices to solving water challenges for 
the urban centers is accepted by many partners in the 
water management fold, the implementation remains 
a mirage (Harremoes, 2002; Mitchell, 2006) 
especially in the water sector of Ghana.  The 
challenge of innovation implementation must be 
examined, understood and empirical in order to 
develop an effective approach at multiple scales to 
adopting innovation in urban water system.  
Literature has identified the most significant barriers 
to transitioning towards more sustainable urban water 
management practices as social and institutional, 
rather than purely technological (Maksimovic and 
Tejada-Guibert, 2001; Brown, 2005; Schäfer et al., 
2006; Kiparsky, Michael, et al. 2013).  According to 
Brown and Farrelly (2007), after reviewing an 
extensive literature, find that many of the barriers to 
innovation are systemic and embedded within the 
broader institutional framework and reflect issues 
related to community, organizations, regulations, 
laws, policies, resources, responsibility, knowledge, 
vision, commitment and coordination. Motivation for 
sustainable urban water management, in the case of 
Ghana, is more obvious due to increasing demand for 
potable water by growing populations, aging and 
degraded infrastructure, and increasing climate 
variability (Birrell et al., 2005; IPCC, 2007). In the 
past, the Ghana government has adopted strategies; 
(urban water improvement programs); and continues 
same to sustain urban water management. The 
government of Ghana annual budgetary support for 
water sector improvement and efficiency, though not 
100 percent of what is required, is quite substantial.  
However, when examining the direct drivers for 
pursuing innovation in urban water system; for 
instance, multiple water sources, conveyance 
technologies and technologies associated with 
treatment and distribution, the situation is less clear. 
Literature on urban water management suggest that 
to overcome innovation implementation inaction, a 
range of institutional barriers must be addressed 
(Rauch et al., 2005; Brown et al., 2006),   For 
innovation to be successfully implemented, it must 
be designed to suit specific characteristics of a group 
or community that receive the innovation.  Different 
people have different characteristics, different 
circumstance and situations that facilitate their 
change to reforms and innovation adoption.  That is 
to say that innovation adoption is region specific as 
cultural, social, economic and other factors influence 
the rate of technology adoption.   
With ongoing investment for changes in the urban 
water sector, population growth, and climate change, 
it is imperative that the knowledge and experience of 
professionals currently working within the urban 
water sector are drawn upon to inform the design of 
more effective reform efforts.  There is limited 
empirical evidence that draws on the insights from 
urban water professionals who encounter these 
drivers and barriers in their strategic and/or 
operational experiences as Brown and Farrelly, (2007) 
argued in the case of Australian urban water 
management. Therefore, this study seeks to address 
this knowledge-practice deficit by examining the 
professional perceptions of the drivers and barriers to 
advancing innovation in urban water in Ghana. 
 
Related Studies 
Innovation is not a simple construct because it is 
studied from multiple perspectives at different levels 
of analysis by scholars.  Extant literature generally 
provide innovation adoption related studies to reflect 
characteristics, predictors, drivers, and barriers to 
technology adoption. In their work on key 
determinants and barriers to innovation Ramilo and 
Embi (2014) affirm that substantial technical and 
organizational barriers exist and that the barriers 
inhibit the effective adoption of the technologies. The 
organizational and technical barriers differ from 
regions to communities and organizations.  For 
instance, acceptance and adoption of alternative 
water technology, is influenced by many factors.  
According Mankad and Tapsuwan (2011), alternative 
technology such as decentralized systems, is 
influenced by risk perception, water culture, and 
threat perception. The authors argue further that 
motivational drivers were also identified as 
potentially influencing adoption of alternative 
technology systems. 
According to De Graaf, R. E., et al. (2009) policy 
studies show that institutional factors and 
professional perceptions are important factors for 
application of innovations in urban water 
management. The barriers and drivers of innovation 
appear to be resident in institutions and professionals 
that work in stakeholder organizations.  According to 
Butler and Sellbom (2002), barriers to technology 
adoption are prominently categorized as lack of 
institutional support, financial support and time to 
learn the new technology.  The 3 key factors with lot 
of underlying and connecting factors that seem to 
underscore the successful implementation of new 
technology. Susan Kitchell (1995) demonstrates in 
her work that corporate culture is a strong predictor 
of innovation adoption.  Her work considers the 
social dimension of the factors that enhance the 
adoption of technology.  Considering the influencing 
factors at the organizational level, Damanpour and 
Schneider (2008) using 25 characteristics suggest 
that both innovation characteristics and adopters 
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(manager) influence adoption.  This suggests that 
critical implementation of innovation characteristics 
alone are not enough to stimulate technology 
adoption in an organization, but people who lead and 
work in those organizations.  Rebecca Brown et al. 
(2014) argues that social research and theory is an 
increasingly important factor in understanding and 
responding to the challenges associated with 
evolving a more sustainable society.  The authors 
further commend key social theories around change 
to propose a framework for transition policy that can 
be applied by urban water strategists when designing 
reform initiatives to progress sustainable urban water 
management. A research into urban water systems 
management is a socio-technical in nature and 
extensive work requires an effective approach that 
can integrate both social and technical aspects of the 
study.  Traditionally, technology acceptance models 
(TAM) have been used extensively to evaluate 
adoption strategies and processes; to identify drivers 
and barriers and make recommendations.  According 
to Jun and Weare (2011), motivation is important 
factor in innovation adoption studies, hence clearer 
understanding of the relative importance of differing 
institutional motivations can illuminate why public 
organizations adopting innovative strategies and 
programs often fail to replicate the benefits of earlier 
implementations.  What motivates or demotivates an 
organization to adopt changes vary from one 
organization to another and the variation is 
influenced by several factors.  For instance, the work 
of Low, K. G. et al. (2015) attribute changes in 
climatic conditions to influence the adoption of 
innovation both at the institutional level and the use 
of technology.  In a related work based on the 
concept of societal legitimacy, Harris-Lovett, S. R., 
et al (2015) studied perspective of adoption of 
technology innovation and found that innovation 
technology such as direct potable water reuse, may 
require the establishment of a portfolio of standards, 
procedures, and possibly new institutions.  Their 
work on societal innovation acceptance is a clear 
understanding of how important and significant it is 
to consider both the resilience of the innovation as 
well as the society that will benefit the new invention. 
According to Kiparsky, Michael, et al (2013), 
technological innovation will play a key role in 
reinvention of urban water systems, but is only part 
of what is necessary. They contend that innovation 
usually depends on context, such that major changes 
to infrastructure include not only the technological 
inventions that drive greater efficiencies and physical 
transformations of water treatment and delivery 
systems, but also the political, cultural, social, and 
economic factors that hinder and enable such 
changes. On the basis of past and present changes in 
urban water systems, institutional innovation will be 
of similar importance to technological innovation in 
urban water reinvention. To solve the current 
conventional urban water challenges, technology-
focused researchers need to recognize the intertwined 
nature of technologies and institutions and the social 
systems that control change.  In this study, we 
consent to the proposal that barriers and drivers to 
effective strategies to change and innovation 
adoption must be investigated from multi perspective 
scales, hence the perception of water professionals in 
adopting innovation in urban water systems 
Materials and Methods 
Source of Data 
Data from all stakeholders (client agencies) in the 
water management sector could broaden the scope of 
investigation but we noted that could also meet 
resistance from socio-cultural, economic and 
situational differences. We therefore intend to take 
data from professionals whose social differences 
could not negatively affect data accuracy.  400 
questionnaires were distributed proportionally to the 
4 zones (see Table 1 below) to professionals in 
institutions, organizations, agencies, departments and 
the related sector ministries within the 4 zones in the 
country where urban water operations are undertaken. 
 
Table 1: A tabular presentation of questionnaire 
distributed to respondents in the 4 zones. The 
respondents were identified purposively but selected 
at random.  The response rate was 94 percent.   
Methods 
A quantitative, comparative case study approach was 
undertaken and involved 4 regions (metropolitan 
cities and district urban capitals); representing the 
major climatic and vegetation zones of Ghana: 
northern region - Tamale (northern savannah belt), 
Brong Ahafo - Sunyani (transition belt), Ashanti - 
Kumasi (middle forest belt) and Accra (southern 
coastal belt). These metropolitan cities and their 
districts have dissimilar social characteristics because 
of differences in culture, beliefs, physical 
environment, resource availability and climatic 
conditions but similar operational dimensions for 
institutional and technological innovation 
characteristics.  The drivers for innovation adoption 
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may vary from one region to another because of the 
differences, however, examining water management 
options on innovation adoption, the 4 zones (regions) 
typically represent the governance structures, 
reflecting the breadth of institutional arrangements 
across the cities. Questionnaire was designed and 
distributed to urban water professionals in 10 
institutions, organizations, agencies, and non-
governmental organizations in all the 4 regions. The 
questionnaire aimed to test the level of professionals’ 
receptivity to reforming conventional potable water 
supply system by adopting appropriate technologies 
to convey less polluted water, treat and distribute 
water, adopting appropriate technologies to obtain 
diverse water sources, and a collection of social and 
institutional factors that inhibit or enable technology 
adoption. Questions were asked about the 
effectiveness of their institutional arrangements, 
levels of perceived stakeholder commitment to 
sustainable water management and projected 
timeframes for the development of diverse water 
supply options, water conveyance and treatment and 
distribution.  The preliminary interaction revealed 
that professional understanding for sustainable urban 
water management practices varies significantly 
across institutions where these professionals work.  
To achieve consistency amongst the organizations in 
the selected regions, a representative description of 
the operations of the urban water supply management 
system was adopted and shown in the questionnaire 
as follows:  
1. Water source; sustainable urban water 
management recognizes that our water 
sources are innovative– including 
streamflow, wastewater reuse and 
desalination and storm water management.  
Innovation adoption at subsystem enhance 
sustainable supply. 
2. Water Conveyance; this is interrelated and 
linked to the well-being of our catchments 
and receiving waterway environments 
(including surface and sub-surface). 
 
3. Water Treatment and Distribution; It 
involves making the most appropriate use of 
water from all stages of the water cycle that 
best deliver social, ecological and economic 
sustainability. 
Demographic data were analyzed using chi-square 
tests to identify significant differences amongst 
respondents within a range of categories: 
professional background, level of experience in 
urban water management, level in organization, role 
in urban water management, and stakeholder group.   
The concept of receptivity, drawn from ‘innovation 
and technology transfer policy’ studies (Jeffrey and 
Seaton, 2004), was applied as the analytical 
framework for assessing the professional 
community’s readiness to develop a sustainable 
water supply approach. The idea behind receptivity 
considers that for a new technology or initiative to be 
successfully implemented, any reform approach must 
be designed from the end-user or recipient’s point of 
view. The value of the receptivity concept is that it 
assists with locating the types of policy mechanisms 
needed to improve practice. Receptivity comprises 
four important attributes that policy makers and 
strategists should be knowledgeable of from the 
recipient’s perspective, these are: 
 Awareness - individual or organization is 
aware of a problem and need for a solution. 
 Association - individual or organization 
relates to the potential benefits, enough to 
expend effort to apply solution(s). 
 Acquisition – individual or organization has 
requisite skills, capacities and support to 
implement solution(s).  
 Application- Awareness attribute was 
eliminated from the study as it was assumed 
that all the professionals in the urban water 
management system have knowledge of 
innovation.  Using the conceptual framework 
of receptivity assessment in a similar 
perception study, Brown and Farrelly (2009) 
revealed the professional community to be 
highly associated with the importance of 
innovating or improving a system 
(stormwater quality) for receiving waterway 
health. Significant acquisition barriers within 
each city, including institutional 
arrangements, costs, responsibilities, and 
regulations and approvals processes were all 
identified as constraining more sustainable 
practices in the study. 
 
Results and Analysis 
Our analytical model uses the structural equation 
model which is a departure from the traditional form 
of regression analysis. The structural equation model 
is explicitly formulated as a causal model, not only a 
predictive model with column vector, y, containing p 
dependent variables.  The vector y is understood to 
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represent an arbitrarily chosen observation from the 
population, maybe the ith.  In Structural Equation 
Model (SEM) terms y is said to contain the 
endogenous variables and x contains the exogenous 
variables. An endogenous variable is one that appears 
at least once as the dependent variable in an equation.  
On the other hand, variables that do not appear on the 
left hand side are exogenous, or "given."  In other 
words, all variances of, and covariances between, 
exogenous variables are determined outside of the 
system.  The variances and covariance of the 
endogenous variables are being modeled as a 
function of the exogenous variables. This is 
mathematically expressed as follows:  
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where for each of the causal parameters, the ’s and 
the ’s, the subscripts follow the same pattern.  The 
first subscript refers to the equation, in other words 
the y variable which is the effect.  The second 
subscript refers to the cause.  The p by p B matrix 
contains the coefficients of the regressions of y 
variables on other y variables with 0’s on the 
diagonal which implies that a variable cannot cause 
itself.  The p by q matrix  contains the coefficients 
of the y’s on the x’s.  The error vector, , is p by 1.  
These errors are different than factor analysis errors; 
they represent errors-in-equations, in the way that 
these equations are specified.  Thus they are also 
called specification errors. To get to a point to 
estimate the model, some assumptions were added. 
For example, it was assumed that E(y) = 0 and E(x) = 
0, which has absolutely no impact on the variances or 
covariances of these variables. We then assume that 
the x and  vectors are independent. Further we 
employed a second order factor model.  In effect, the 
factors themselves may form a higher order factor.  
In other words, if the correlations amongst the factors 
have the right structure, these may be the result of a 
latent variable.  A path diagram of this model appears 
below:  
 
 
 
Note that the ’s have their own loadings and their 
own unique factors.  Here, the variable 1 serves as 
the higher order factor.  In general terms, the second 
order factor analysis model can be written as  
y  =  y   +    and   =     +   ,        . 
This can be rewritten more compactly as  
  εζΓξΛy  y  . 
We assume that Cov(, ) = 0 and Cov(, ) = 0.  
Here we also have V() = , V() =  and V() = .  
The variance matrix of y, , takes on a particularly 
aesthetic form with this model,  
   ΘΛΨΓΓΦΛy yy)(V   , 
with the internal part in the brackets being the V(). 
We defined our final analytical model on the 
receptivity concept introduced in the extant literature 
by Jeffery and Seaton (2004). Since the antecedents 
of awareness was not in dispute in this study, it was 
not tested. The antecedents of association were 
expected to be community perception, environmental 
outcomes public health perception and stakeholder 
commitment. On the other hand the influential 
factors for acquisition were expected to be technical 
feasibility, professional knowledge, government 
policy, regulations and approval, property access, 
stakeholder commitment and cost. Finally, 
application was expected to be moderated by 
projected implementation time frame, effective 
institutional support and stakeholder commitment. 
Our initial analysis involved the use of the Kaiser–
Meyer-Olkin (KMO-MSA) to examine sampling 
adequacy (threshold of 0.60) whiles the Bartlett’s 
Test of Sphericity helped to evaluate appropriateness 
of the data for factor analysis. The varimax rotation 
and principal components analysis were performed 
for factor analysis and factors with loadings lower 
than 0.5 were eliminated before the Cronbach’s alpha 
reliability test was conducted. Three items under 
association (community perceptions, environmental 
outcomes, and stakeholder commitment exceeded the 
factor loading criteria. In terms of acquisition, three 
indicators were adopted while 5 of them were 
dropped due to multicollinearity and low factor 
loading. The accepted factors include technical 
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feasibility, government policy and cost. Finally, all 
the three factors under application passed the 
threshold factor score and were included as projected 
implementation timeframes, effective institutional 
arrangement and stakeholder commitment. Since the 
receptivity model is a hierarchical model, our final 
model below contained nine input layers (divided 
into 3 hierarchical layers to generate a single output 
layer. This is represented in figure 1 below.  
 
 
Figure 1. The output layer of the 3 hierarchical 
layers. 
 
where c1 = community perception, e2 = 
environmental outcomes, s3 = stakeholder 
commitment, g1 = government policy, t2 = technical 
feasibility, c3 = cost, i1 = projected implementation 
timeframes, a2 = effective institutional arrangement 
and s3 = stakeholder commitment. The AMOS 
software was used to analyze the data for the four 
different forms of technology adoption that were 
under consideration namely technology or new 
sources of water, technology for water conveyance, 
technology for water treatment and technology for 
water distribution. The results of each of the factors 
are presented in subsequent sections. 
 
RESULTS 
WATER SOURCE 
 
 
 Figure 2 presents the outcome of analysis regarding 
the significant antecedents to association, acquisition 
and application of new technology for water sources. 
The ranking of influential factors for association with 
new water source technology indicates 
environmental outcomes (.72), community 
perception (.51) and stakeholder commitment (.13) 
are significant in order of importance. Similarly, 
government policy (.54), technical feasibility (.49) 
and cost (.33) were significant influential factors for 
acquisition of new water source technology. Finally 
the projected implementation timeframes (.58), 
stakeholder commitment (.39) and effective 
institutional arrangement (.24) were statistically 
significant antecedents of application of new water 
source technology. 
WATER CONVEYANCE 
 
 
 
On the other hand Figure 2 shows the results of the 
significant antecedents to association, acquisition and 
application of new technology for water conveyance. 
The ranking of influential factors for association with 
new water source technology indicates stakeholder 
commitment (.81), community perception (.41) and 
environmental outcomes (.13) are significant in order 
of importance. Similarly, government policy (.91), 
cost (.71) and technical feasibility (.42) were 
significant influential factors for acquisition of new 
water conveyance technology. Finally the 
stakeholder commitment (.43), projected 
implementation timeframes (.21), effective 
institutional arrangement (.02) and projected 
implementation timeframes (.58), were statistically 
significant antecedents of application of new water 
conveyance technology. 
WATER TREATMENT AND DISTRIBUTION 
 
 WATER TREATMENT AND DISTRIBUTION 
For the water treatment and distribution, the analysis 
disclosed that the main antecedents are community 
perception (.82), environmental outcomes (.54) and 
stakeholder commitment (.13) as far as association 
with new technology is concerned. Regarding 
acquisition of new water conveyance technology, the 
main influential factors were cost (.91), technical 
feasibility (.76) and government policy (.64). Finally 
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the projected implementation timeframes (.53), 
stakeholder commitment (.47) and effective 
institutional arrangement (.21) were statistically 
significant antecedents of application of new water 
treatment and distribution technology. 
 
Conclusion and Policy Implication 
The results, based on the receptivity model has 
confirmed our statement that the desire to implement 
innovative technology, policies, regulations and laws 
that facilitate effective change in the urban water 
system may appear a mirage without empirical 
evidence to determine barriers. We argue in favor 
that perceptions point to social and institutional 
aspects of stakeholders of the urban water 
management system as major constraints to 
innovation adoption; though empirical evidence to 
substantiate and ascertain are lacking. While the few 
empirical studies to support the above notion is 
dominated by the developed world, our study 
confirms the persistence of this pattern in urban 
water management in developing countries as well. 
Firstly, our study contributes to the extant literature 
that supports the adoption of direct behavioral 
theories (such as receptivity theory) to understand 
mass level technology adoption along with known 
models of technology adoption such as technology 
acceptance model (TAM), innovation diffusion 
theory (IDT) and the unified theory and use of 
technology (UTAUT).  While most of the 
respondents already have high degree of awareness 
of technology deficits in Ghana’s urban water supply, 
association i.e. how the individuals or organization 
relates to the potential benefits, enough to expend 
effort to apply the innovative solution, is 
significantly attenuated by perceived health 
outcomes, stakeholder commitment and community 
perception in finding new water sources, water 
conveyance and water treatment and supply 
respectively.  This observation shows good 
agreement with previous findings by Brown, R., & 
Farrelly, M. (2007) professional perceptions on 
institutional drivers and barriers in which 
community’s reservation about the safety of recycled 
and desalinized water as alternative sources of urban 
water supply. We however observed a striking 
influence of government policy and cost as barriers 
to application to technology in water source, water 
conveyance and water treatment and distribution. 
This unusual pattern compared to advance societies 
suggest distrust and indication of the need for central 
government to build trust and commit resources to 
elicit individuals and institutions to relate to the 
potential benefits, enough to expend effort to apply 
innovative solution(s). The revelation that 
implementation timeframes, effective institutional 
arrangement and stakeholder commitment in 
stimulating technology acquisition (individual or 
organization has requisite skills, capacities and 
support to implement solution) in all the three phases 
of urban water supply management, indicates the 
need to develop a holistic technology implementation 
system to support effective technology deployment 
and adoption. Indeed failed technology initiatives are 
legendary in the public business industry such as 
urban water management, but embracing deployment 
best practices will ensure successful initiatives in the 
face of limited resources and the rapidly changing 
technology and regulatory landscapes. In this context, 
it is important for urban water managers to ensure 
precise technology deployment and adoption process 
mapping to create a clearer picture of the user 
activities, integration points and automation needs of 
the system. Defining existing main points of current 
processes is as important as defining the new 
requirements for the proposed system. Defining the 
deployment process and identifying key resources 
makes it easier to determine and prevent any pitfalls 
that could stall a deployment. Most important, the 
analysis also indicates a strong need to include key 
stakeholders. Urban water managers ought to open 
lines of communication with key stakeholders and 
assign responsibilities to all participants in the early 
stages of a deployment to make it easier to ensure the 
technology meets everyone’s expectations.  As 
government role in technology adoption in urban 
water management has been determined to be 
significant in all the three phase (sources, 
conveyance, treatment and supply), it is necessary to 
offer government regular status updates to prepare 
for any budgetary or productivity concerns. 
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